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AbSTRACT
The aim of this study was to investigate the asso-
ciation of female caregivers’ oral health literacy 
with their knowledge, behaviors, and the reported 
oral health status of their young children. Data on 
caregivers’ literacy, knowledge, behaviors, and 
children’s oral health status were used from struc-
tured interviews with 1158 caregiver/child dyads 
from a low-income population. Literacy was mea-
sured with REALD-30. Caregivers’ and children’s 
median ages were 25 yrs (range = 17-65) and 15 
mos (range = 1-59), respectively. The mean liter-
acy score was 15.8 (SD = 5.3; range = 1-30). 
Adjusted for age, education, and number of chil-
dren, low literacy scores (< 13 REALD-30) were 
associated with decreased knowledge (OR = 1.86; 
95% CI = 1.41, 2.45) and poorer reported oral 
health status (OR = 1.44; 95% CI = 1.02, 2.05). 
Lower caregiver literacy was associated with del-
eterious oral health behaviors, including nighttime 
bottle use and no daily brushing/cleaning. 
Caregiver oral health literacy has a multidimen-
sional impact on reported oral health outcomes in 
infants and young children.
KEY WORDS: oral health literacy, infant oral 
health, early childhood caries, oral health knowl-
edge, oral health outcomes in young children.
InTRODuCTIOn
Despite advances in caries prevention over the past several decades, analy-sis of data from the National Health and Nutrition Examination Surveys 
(NHANES) indicates that the prevalence of caries in children ages 2 to 4 yrs 
increased from 18% in 1988-94 to 24% in 1999-04 (Tomar and Reeves, 2009). 
Changes in biological or proximal early childhood caries (ECC) risk factors 
(Tinanoff et al., 2002; Harris et al., 2004) cannot fully explain this phenom-
enon. Rather, demographic changes in tandem with emerging and re-emerging 
distal risk factors or determinants, such as being of minority racial status and 
certain family characteristics, appear to be a major driving force behind these 
current trends (Amstutz and Rozier, 1995; Patrick et al., 2006; Edelstein and 
Chinn, 2009). Another potential determinant that has yet to be investigated is 
health literacy.
Health literacy is now recognized as an important component of health 
care (Nielsen-Bohlman et al., 2004). Based on a nationally representative 
sample, Yin and co-workers reported that nearly 30% of US parents have dif-
ficulty understanding and utilizing health information (Yin et al., 2009). 
Systematic reviews in medicine have confirmed that low literacy is associated 
with adverse health outcomes such as poor knowledge, morbidity measures, 
general health status, and the use of health resources (Andrus and Roth, 2002; 
DeWalt et al., 2004). Two recent comprehensive reviews were conclusive in 
linking low parental health literacy and deleterious health behaviors that 
affect child health (Sanders et al., 2009a) and child health outcomes (DeWalt 
and Hink, 2009).
Most studies have found a direct association between caregiver health lit-
eracy and knowledge (DeWalt et al., 2004). In dentistry, caregivers’ infant and 
early childhood oral health knowledge is of paramount importance, because 
oral health behaviors are the exclusive domain of the caregiver during the 
early years of life. In “Oral Health in America,” the Surgeon General stressed 
that if parents are unfamiliar with the importance and care of their child’s 
primary teeth, they are unlikely to take the appropriate action that may pre-
vent ECC or may fail to seek professional services (USDHHS, 2000). In 
short, there are reasons to hypothesize that caregivers’ oral health literacy 
would be related to their oral health knowledge, behaviors, and the oral health 
status of their pre-school-aged children. Accordingly, the aim of the present 
study was to investigate these associations.
MATERIAlS & METHODS
The study relied upon interview data from 1273 child/caregiver dyads par-
ticipating in the Carolina Oral Health Literacy (COHL) project (Lee et al., 
Oral Health literacy among 
Female Caregivers: Impact on 
Oral Health Outcomes in Early 
Childhood
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2010). All caregivers and children were enrolled in the 
Women, Infants and Children’s Supplemental Nutrition Program 
(WIC).
Caregivers’ demographic information included age, race, 
education, and number of children. Age was measured in years 
and coded as a quintile-categorical indicator variable, because 
of its non-normal distribution. Race was self-reported as White, 
African American, or American Indian. Education was coded as 
a 4-level categorical variable, with 1 = less than high school, 
2 = high school/GED, 3 = some technical education or college, 
4 = college degree/higher. Number of children was coded as a 
4-level categorical variable, with 1 = 1 child, 2 = 2 children, 3 = 
3 children, and 4 = 4 or more children. Child demographic data 
included gender, age, and birth order.
Oral health literacy was measured by means of a validated 
word recognition test, the Rapid Estimate of Adult Literacy in 
Dentistry (REALD-30), an instrument with good convergent 
validity and internal consistency: Cronbach’s α = 0.87 (Lee 
et al., 2007). Scores range between 0 (lowest literacy) and 30 
(highest literacy).
To assess oral health knowledge, we used a 6-item knowl-
edge survey (Shick et al., 2005; Mathu-Muju et al., 2008). 
Caregivers were asked to answer “agree,” “disagree,” or “don’t 
know” to knowledge-related items such as: “Fluoride helps pre-
vent tooth decay” and “Tooth decay in baby teeth can cause 
infections that can spread to the face and other parts of the 
body.” A knowledge score ranging from 0 to 6 was derived from 
the sum of correct responses. The normality assumption for lit-
eracy and knowledge scores was tested by a combined skewness 
and kurtosis evaluation test (D’Agostino et al., 1990) with 
α = 0.05.
To assess oral hygiene and high-caries-risk dietary behav-
iors, we relied upon a set of questionnaire items as modified 
from Douglass (Douglass et al., 2001). Oral hygiene was 
assessed with the question, “Do you brush or clean your child’s 
teeth or gums every day?” Dietary habits were assessed with the 
following items: “How often does your child drink fruit juices?”; 
“How often does your child receive sweet snacks?”; “Do you/
have you ever put your infant/child to bed with a bottle?” 
Possible responses for the first two items were “never,” ‘“once 
a month or less,” “once a week,” “once a day,” and “more than 
once a day,” while “never” and “ever” were the possible answers 
to the third item.
Children’s oral health status was assessed by a caregiver-
reported question from NHANES: “How would you describe 
the condition of your child’s teeth?” Response items included 
“excellent,” “very good,” “good,” “fair,” “poor,” “has no natural 
teeth,” “don’t know,” and “refuse to answer.”
To examine the distribution of demographic characteristics 
with literacy, knowledge, behaviors, and infant oral health sta-
tus, we used descriptive tabular methods. We generated sum-
mary statistics to examine the distribution of literacy and 
knowledge scores by demographic characteristics and behav-
iors, and status classification [n, percent (%)] by child character-
istics. To quantify the associations of literacy with behaviors and 
knowledge scores, we estimated the corresponding mean score 
differences and 95% confidence intervals (CI). The relationship 
between literacy and knowledge was assessed with Spearman’s 
correlation coefficient (ρ) and 95% CI, computed with boot-
strapping (N = 1000 repetitions). This relationship was further 
examined visually for strata of infant oral health status with cor-
responding local polynomial smoothing functions. To determine 
whether deleterious behaviors were associated with poorer 
reported oral health status, we developed two univariate ordinal 
logistic regression models to obtain odds ratios (OR) and 95% 
CI for the association of brushing/cleaning and nighttime bottle 
use with status.
Two multivariate ordinal logistic regression models were 
developed to examine the impact of low literacy (arbitrarily 
defined as the lowest quintile or score < 13) on knowledge and 
status by obtaining OR and 95% CI. Race and education were 
covariates that were included a priori in the modeling. Inclusion 
of additional confounders (age and number of children) in the 
final models was determined by likelihood ratio tests, compar-
ing nested (reduced) models with the referent (full) model, using 
the p < 0.1 criterion. All analyses were conducted with Stata 
11.1 (StataCorp LP, College Station, TX, USA).
RESulTS
The COHL project enrolled 1273 caregiver/child dyads. Because 
of small numbers in the respective categories, for this investiga-
tion we excluded male caregivers (n = 48, 3.8% of total), Asian 
individuals (N = 9, 0.7%), and those who did not have English 
as their primary language (N = 69, 5.4%). This yielded a final 
sample of 1158 dyads.
Demographic characteristics and behaviors are listed in 
Table 1. There was a 2:2:1 ratio of Whites, African Americans, 
and American Indians. Caregivers’ mean and median ages were 
27 (SD = 7.0) and 25 yrs, respectively. Approximately 60% had 
a high school education or less.
Infant/child characteristics are listed in Table 2. Age distribu-
tion was median = 15, mean = 18, range = 1 to 59 mos. Eighty-
two percent were in the 0 to 2 yrs age group, and 33% were 
edentulous. Among dentate children, the proportion of good/
fair/poor status was twice as high in the 24- to 59- vs. the 6- to 
23-month-old group (21 vs. 10.5%)
Literacy was distributed normally [X2 = 2.0, degrees of free-
dom (df) = 2, p > 0.05], with mean of 15.8 (SD = 5.3). 
Caregivers’ knowledge scores were distributed non-normally 
(X2 = 72.1, df = 2, p < 0.05), with mean of 4.8 (SD = 1.0), with 
over two-thirds scoring 5 or above. Higher education and age 
were associated with higher knowledge scores. More pro-
nounced gradients were observed in literacy scores for educa-
tion, race, and age. We found a significant positive correlation 
between literacy and knowledge: Spearman’s ρ = 0.19; 95% 
CI = 0.13, 0.24.
The vast majority reported daily brushing/cleaning children’s 
teeth/gums; however, 37% of dentate children were reported as 
having been put to bed with a bottle. We found lower literacy 
scores among caregivers reporting no daily brushing/cleaning 
(mean REALD-30 difference = -1.17; 95% CI = -2.33, -0.01; 
reference, daily brushing/cleaning) and those who had put 
their child/infant to bed with a bottle (mean REALD-30 
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difference = -1.28; 95% CI = -1.94, -0.62; reference, having 
never put their child/infant to bed with a bottle). Daily brushing/
cleaning was associated with better reported oral health status 
(OR = 0.70; 95% CI = 0.46, 1.06) and nighttime bottle use with 
worse (OR = 1.72; 95% CI = 1.29, 2.28).
The association between knowledge and literacy scores for 
strata of status is displayed in the Fig. The illustration suggests 
that low literacy and knowledge co-exist, particularly among 
those with worse status. Higher literacy was associated with a 
trend for better reported status.
The association of literacy and race with knowledge and 
status is presented in Table 3. For both models, estimates above 
1.0 indicate worse reported oral health and poorer oral health 
knowledge. Independent of race, age, education, and number of 
children, caregivers’ low literacy was associated with increased 
odds of reporting poorer status (OR = 1.44; 95% CI = 1.02, 
2.05) and lower knowledge scores (OR = 1.86; 95% CI = 1.41, 
2.45). American Indian caregivers were the most likely to report 
poorer status (OR = 1.56; 95% CI = 1.06, 2.29; reference, 
Whites).
Table 1. Distribution of Infant Oral Health Knowledge and Oral Health Literacy Scores by Demographic Characteristics and Infant Oral Health 
Behaviors among the COHL Study Caregiver-Child Dyads (n = 1158)
Knowledge Literacy
Demographics n % Mean (SD) Median Mean (SD) Median
Race  
White 451 39.0 4.9 (1.0) 5 17.4 (4.9) 17
African American 474 40.9 4.7 (1.0) 5 15.3 (5.2) 15
American Indian 233 20.1 4.7 (1.0) 5 13.7 (5.3) 14
Education  
Did not finish high school 276 23.8 4.6 (1.0) 5 12.9 (4.9) 13
High school diploma or GED 441 38.1 4.7 (1.0) 5 15.0 (4.8) 15
Some technical or college 382 33.0 4.9 (0.9) 5 17.9 (4.6) 18
College degree or higher 59 5.1 5.2 (0.7) 5 21.0 (4.6) 21
Number of children  
1 474 40.9 4.7 (1.0) 5 15.9 (5.2) 16
2 368 31.8 4.8 (0.9) 5 15.9 (5.0) 16
3 186 16.1 4.8 (0.9) 5 15.9 (5.5) 16
4 or more 130 11.2 4.8 (1.0) 5 15.1 (5.7) 15
Age quintiles (years) 1158 Mean (SD)  
Q1 (range: 17.2–21.3) 232 19.8 (0.9) 4.5 (1.1) 5 14.0 (4.8) 14.5
Q2 (range: 21.3–23.8) 232 22.5 (0.7) 4.7 (1.0) 5 15.5 (5.1) 15
Q3 (range: 23.8–27.0) 231 25.3 (0.9) 4.8 (0.9) 5 16.4 (4.8) 16
Q4 (range: 27.0–31.5) 232 29.1 (1.3) 4.9 (0.9) 5 16.5 (4.9) 17
Q5 (range: 31.5–65.6) 231 38.3 (6.0) 4.9 (0.8) 5 16.4 (6.1) 16
Infant oral health behaviors  
Daily brushing/cleaning  
No 93 11.9 4.7 (1.1) 5 14.8 (5.6) 15
Yes 686 88.1 4.8 (1.0) 5 16.0 (5.3) 16
Missing (edentulous) 379  
Have put the child in bed with bottle  
Never 808 69.8 4.8 (1.0) 5 16.2 (5.3) 16
Ever 350 30.2 4.7 (1.0) 5 14.9 (5.2) 15
Frequency of juice consumption  
Never 316 27.3 4.8 (1.0) 5 16.0 (5.2) 16.5
Occasionally 242 20.9 4.8 (1.0) 5 15.1 (5.1) 15
Once a day 276 23.8 4.8 (0.9) 5 16.6 (5.4) 17
More than once a day 324 28.0 4.7 (1.0) 5 15.4 (5.4) 15
Frequency of sweet snacks consumption  
Never 482 41.6 4.7 (1.0) 5 15.8 (5.2) 16
Occasionally 440 38.0 4.7 (1.0) 5 15.7 (5.3) 16
Once a day 149 12.9 4.9 (0.9) 5 16.1 (5.6) 16
More than once a day 87 7.5 4.8 (1.0) 5 15.7 (5.0) 15
COHL = Carolina Oral Health Literacy.
n = number of subjects in stratum.
SD = standard deviation.
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DISCuSSIOn
There is strong evidence linking caregivers’ low health literacy 
with negative early childhood health-related behaviors, indepen-
dent of socio-economic risk indicators (Sanders et al., 2009a; 
Yin et al., 2009). Deleterious health behaviors (Yin et al., 2007; 
DeWalt and Hink, 2009) and decreased use of preventive 
 services (Sanders et al., 2007) are 2 potential mediating  factors 
between low literacy and poor pediatric health outcomes. We 
have examined the interrelationship among literacy, health-related 
knowledge, and reported behavior in the oral health context.
One of our major thrusts was to examine patterns of associa-
tion between oral health literacy and oral-health-related factors. 
We recognize that our findings may be influenced by both social 
desirability as well as the expert counseling given by the WIC 
counselors. Even so, over 88% of the caregivers reported daily 
toothbrushing or cleaning for dentate children, an impressively 
high figure. The lack of daily toothbrushing and the use of the 
nighttime bottle were associated with lower literacy. The find-
ings on feeding behaviors suggest that there are opportunities 
for caregiver education relative to nighttime bottle use; at the 
same time, it is clear that oral health messages may have 
reached and resonated with many of these caregivers, especially 
as related to the consumption of juice and snacks. We attribute 
this positive finding to the fact that the WIC counselors in North 
Carolina are nutritionists by training, and they emphasize the 
judicious use of juice and snacks.
We acknowledge as a potential study limitation the reliance 
on a generic parental report for a child’s oral health status. 
Another potential threat to validity is the possibility that care-
givers who do not value oral health may report less accurate oral 
health information. However, analysis of published data sup-
ports the strength and validity of such subjective reports. Talekar 
et al. (2005) analyzed NHANES III data and reported a concor-
dance of parental-reported early childhood oral health status 
with actual disease and perceived needs.
As is the case with all investigations examining health liter-
acy, it must be acknowledged that low literacy may be a threat 
to the study’s validity because of the participants’ difficulty in 
reading and comprehending survey questions (Al-Tayyib et al., 
Table 2. Distribution of Caregiver-reported Oral Health Status by Infant/Child Characteristics among the COHL Study Caregiver-Child Dyads 
(n = 1158)
Infant Oral Health Status–n (row %)
Infant/Child Characteristics n % Poor/Fair/Good Very Good Excellent
Age (in mos)  
 1–5 323 27.9  
 6–23 423 36.6 37 (10.5) 82 (23.2) 234 (66.3)
 24–59 410 35.5 86 (21.0) 111 (27.1) 213 (51.9)
 Missing   2  
Sex  
 Female 588 50.8 63 (15.5) 103 (25.3) 241 (59.2)
 Male 570 49.2 61 (16.5) 93 (25.2) 215 (58.3)
Dentate  
 Yes 779 67.3 124 (16.0) 196 (25.3) 456 (58.8)
 No 379 32.7  
Birth order  
 Only child 270 28.4 15 (10.1) 32 (21.6) 101 (68.2)
 First born 160 16.8 39 (24.8) 44 (28.0) 74 (47.1)
 Middle 108 11.4 23 (21.7) 29 (27.4) 54 (50.9)
 Last 413 43.4 30 (12.6) 57 (23.9) 151 (63.5)
 Missing 207  
COHL = Carolina Oral Health Literacy.
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Figure. Relationship between oral health literacy and oral health 
knowledge for strata of infant oral health status among the Carolina 
Oral Health Literacy study participants, illustrated by local polynomial 
fit functions.
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2002). This threat was mitigated in the present study by reliance 
on in-person interviews by trained personnel.
Although we relied on a convenience sample, the WIC popu-
lation offered a superb model to address our research aims. 
Participants were derived from a low-income population, a 
homogeneity beneficial for investigating the independent 
impacts of oral health literacy. While limited to one state, the 
participants were recruited from 9 different sites, representing a 
broad diversity of individuals, including a robust sample of 
American Indians.
All previous oral health literacy research has examined care-
seeking individuals (Jones et al., 2007; Lee at al., 2007; Miller 
et al., 2010). A special strength of this study is that the partici-
pants were not recruited from a clinical environment, a setting 
that can introduce selection bias. Considering the strong correla-
tion among knowledge, behaviors, and caries development 
(Watson et al., 1999; Patrick et al., 2006), our finding of correla-
tion among literacy, knowledge, and behaviors is important. In 
this context, it should be underscored that oral health literacy 
estimates derived from word recognition tests such as REALD-
30 have been previously shown to correlate well with compre-
hension and functional health literacy (Gong et al., 2007; Lee 
et al., 2007).
We found higher literacy to be associated with better reported 
oral health status, independent of knowledge and other covari-
ates, including race, education, age, and number of children. 
These findings suggest that oral health literacy is a fundamental 
dimension that confers oral health impacts above and beyond 
education and socio-demographic characteristics. This is a 
seminal discovery, because it may open the door for a possible 
intervention. It is impossible to change age or race, and very 
challenging to change education; however, it may be possible, 
with the right intervention, to enhance oral health literacy in a 
population of caregivers such as the one under study here, a 
strategy that has been successful in the medical setting (Bennett 
et al., 2003; Chew et al., 2004; Sanders et al., 2009b). Another 
conceptually different strategy to improve caregivers’ behaviors 
may be to develop an approach that aims educational messages 
at the literacy level of the recipients.
Under the conditions of this study involving low-income 
WIC caregivers and young children, lower literacy was consis-
tently and independently associated with lower knowledge and 
worse caregiver-reported oral health status. Lower literacy was 
also associated with deleterious oral health behaviors. These 
findings suggest that REALD-30 can be used to strategically 
identify caretakers with lower early childhood oral health 
knowledge and young children with worse oral health status. 
Taken together, the findings set the stage for the development of 
strategies that have potential to enhance caregivers’ behaviors to 
have a favorable impact on the oral health of those children who 
are among the most vulnerable to ECC.
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